Background
Microalbuminuria is an early predictor of diabetic nephropathy and premature cardiovascular disease. We investigated whether treatment with an angiotensin-receptor blocker (ARB) would delay or prevent the occurrence of microalbuminuria in patients with type 2 diabetes and normoalbuminuria.
Methods
In a randomized, double-blind, multicenter, controlled trial, we assigned 4447 patients with type 2 diabetes to receive olmesartan (at a dose of 40 mg once daily) or placebo for a median of 3.2 years. Additional antihypertensive drugs (except angiotensin-converting-enzyme inhibitors or ARBs) were used as needed to lower blood pressure to less than 130/80 mm Hg. The primary outcome was the time to the first onset of microalbuminuria. The times to the onset of renal and cardiovascular events were analyzed as secondary end points.
Results
The target blood pressure (<130/80 mm Hg) was achieved in nearly 80% of the patients taking olmesartan and 71% taking placebo; blood pressure measured in the clinic was lower by 3.1/1.9 mm Hg in the olmesartan group than in the placebo group. Microalbuminuria developed in 8.2% of the patients in the olmesartan group (178 of 2160 patients who could be evaluated) and 9.8% in the placebo group (210 of 2139); the time to the onset of microalbuminuria was increased by 23% with olmesartan (hazard ratio for onset of microalbuminuria, 0.77; 95% confidence interval, 0.63 to 0.94; P = 0.01). The serum creatinine level doubled in 1% of the patients in each group. Slightly fewer patients in the olmesartan group than in the placebo group had nonfatal cardiovascular events -81 of 2232 patients (3.6%) as compared with 91 of 2215 patients (4.1%) (P = 0.37) -but a greater number had fatal cardiovascular events -15 patients (0.7%) as compared with 3 patients (0.1%) (P = 0.01), a difference that was attributable in part to a higher rate of death from cardiovascular causes in the olmesartan group than in the placebo group among patients with preexisting coronary heart disease (11 of 564 patients [2.0%] vs. 1 of 540 [0.2%], P = 0.02). D iabetic nephropathy is an increasingly common cause of end-stage renal disease, 1 and the development and rate of renal deterioration are most closely related to the patient's blood pressure. Guideline committees worldwide concur that the blood pressure in patients with diabetes and chronic kidney disease should be kept at 130/80 mm Hg or less. 2 Microalbuminuria is predictive of diabetic nephropathy and premature cardiovascular disease [3] [4] [5] ; therefore, European and American guidelines recommend that patients with diabetes be tested for microalbuminuria. 6, 7 Overactivity of the renin-angiotensin system has been implicated in the deterioration of renal function in patients with diabetic nephropathy and in patients who have stage 3 or 4 chronic kidney disease with microalbuminuria or macroalbuminuria. 8, 9 Angiotensin-converting-enzyme (ACE) inhibitors and angiotensin-receptor blockers (ARBs) slow the worsening of the glomerular filtration rate (GFR) and lower the rate of albumin excretion. Treatment at an early stage of the disease may be beneficial. ACE inhibition delays the onset of microalbuminuria in patients with hypertension, type 2 diabetes, normoalbuminuria, and normal renal function. 10 Whether similar benefits occur when ARB therapy is begun early in the course of diabetes is unknown. 11, 12 In the Randomized Olmesartan and Diabetes Microalbuminuria Prevention (ROADMAP) study, we tested whether olmesartan medoxomil (Benicar, Daiichi Sankyo), at a dose of 40 mg daily, as compared with placebo, prevents or delays the time to the first occurrence of microalbuminuria in patients who have type 2 diabetes, as well as at least one other cardiovascular risk factor, and normoalbuminuria. Blood-pressure control (<130/80 mm Hg) in both groups was achieved by adding, as needed, antihypertensive agents that do not block the renin-angiotensin system.
Me thods

Study Design and Organization
The study design has been published previously. 13 The sponsor (Daiichi Sankyo) had no role in the design or conduct of the study, but representatives of the sponsor served as nonvoting members of the steering committee. Statistical analyses were performed by a clinical research organization, with confirmation by biostatisticians who were employees of the sponsor. The authors had complete control over the analysis and interpretation of the results, the writing of the manuscript, and the decision to submit it for publication, and they vouch for the accuracy and completeness of the reported data, as well as the fidelity of the reported study to the protocol. The study protocol, including the statistical analysis plan, is available with the full text of this article at NEJM.org.
We conducted this randomized, double-blind, placebo-controlled, parallel-group, multicenter phase 3b study at 262 collaborating centers in 19 European countries. The ethics committee at each participating center approved the study, and written informed consent was obtained from each patient. The study enrolled patients with type 2 diabetes, among whom there was a wide range of blood-pressure values, including some that were in the normal range. Patients who had used ACE inhibitors or ARBs during the 6 months before the start of the study were excluded. Treatment with ACE inhibitors and ARBs (other than olmes artan in the experimental group) was not allowed at any time during the study; during the doubleblind treatment phase, other antihypertensive agents were allowed in both groups to help patients reach and maintain the target blood pressure of less than 130/80 mm Hg.
Study Population
A total of 4449 white patients, 18 to 75 years of age, who had type 2 diabetes underwent randomization. A summary of the main inclusion and exclusion criteria and an overview of the screening, enrollment, randomization, and follow-up are shown in Tables 1 and 2 in the Supplementary Appendix, available at NEJM.org. After the screening phase, each patient's eligibility for the study was established during a prerandomization phase (maximum duration, 4 weeks), during which normoalbuminuria was confirmed by means of two additional measurements of morning spot urine samples.
End Points
The primary end point was the time to the first onset of microalbuminuria, as determined by validated measurements of morning spot urine samples. Microalbuminuria was defined as a urinary albumin-to-creatinine ratio (with albumin measured in milligrams and creatinine measured in grams) of more than 35 in women or more than 25 in men. Any single elevation in the urinary albumin-to-creatinine ratio required confirmation by at least one additional positive result from two separate tests of urine samples performed within 2 weeks after the initial test. If microalbuminuria was confirmed, the patient was assigned to an open-label phase in which he or she received olmesartan at a dose of 40 mg daily (Fig. 1 in the Supplementary Appendix). At each follow-up visit, a spot urine sample was obtained, and blood pressure was measured with an automatic device. The blood-pressure measurement that was used was the mean of three values recorded 3 minutes apart. If the blood pressure was 130/80 mm Hg or higher, the protocol called for adjustment of the antihypertensive medication (excluding the use of blockers of the renin-angiotensin system or aldosterone blockers). A central laboratory (CRL-Medinet) determined the urinary albumin-to-creatinine ratio and all other laboratory variables. Secondary end points included a composite of cardiovascular complications and death from cardiovascular causes (Table 3 in the Supplementary Appendix) and renal events.
Statistical Analysis
A total of 4447 of the 4449 patients who underwent randomization were included in the intention-to-treat analysis; 2 patients who underwent randomization never took a study medication (Table 2A in the Supplementary Appendix). The baseline urinary albumin-to-creatinine ratio was the geometric mean of three measurements obtained during the randomization phase (up to visit 1). A confirmatory analysis of the primary efficacy end point was performed with the use of a Cox proportional-hazards regression model with treatment as a fixed effect; the baseline urinary albumin-to-creatinine ratio was logarithmically transformed (base 10) as a covariate, and a twotailed Wald chi-square test was performed with an alpha level of less than 0.05; hazard ratios and two-sided 95.1% confidence intervals were calculated. (Owing to a prespecified interim analysis performed by the data and safety monitoring board, the significance level for the final confirmatory analysis was adjusted to 0.049, resulting in a two-sided 95.1% confidence interval.) To account for all patients who entered the doubleblind treatment period, the last assessment that was performed before patients left the doubleblind period was used as the last time point. All statistical analyses were performed with the use of SAS software for Windows, version 9. Table 1 . The mean duration of diabetes was 6.1 years, and the mean glycated hemoglobin level was 7.7%. More than 97% of the patients had at least two cardiovascular risk factors in addition to type 2 diabetes, and 67.7% had at least four.
Blood-Pressure Control
The mean blood pressure during the follow-up period was 125.7/74.3 mm Hg in the olmesartan group and 128.7/76.2 mm Hg in the placebo group ( Fig At the end of the study, 24-hour ambulatory blood-pressure monitoring was performed in 568 patients (270 in the olmesartan group and 298 in the placebo group). Over the course of the study, blood pressure, as measured both in the clinic and by means of 24-hour ambulatory blood-pressure monitoring, was lower in the olmesartan group than in the placebo group (by 3.3/1.3 mm Hg in clinic measurements and by 3.5/1.2 mm Hg with 24-hour ambulatory bloodpressure monitoring).
Primary End Point
During the double-blind treatment period, microalbuminuria developed in 178 of 2160 patients in the olmesartan group for whom measurements of urinary albumin-to-creatinine ratio could be evaluated placebo group for whom measurements of urinary albumin-to-creatinine ratio could be evaluated (9.8%); the median time to the onset of microalbuminuria was 576 days in the placebo group and 722 days in the olmesartan group. The primary end point, the time to the onset of microalbuminuria ( Fig. 1) , was increased by 23% with olmesartan (hazard ratio for onset of microalbuminuria, 0.77; 95.1% confidence interval [CI], 0.63 to 0.94; P = 0.01). After adjustment for small baseline differences in the body-mass index, systolic blood pressure, and levels of high-density lipoprotein cholesterol and triglycerides (Table  1) , the hazard ratio for the primary end point was 0.75 (95.1% CI, 0.62 to 0.92; P = 0.006). Similar results were obtained in a prespecified per-protocol analysis and in a post hoc analysis that excluded patients who discontinued the study treatment prematurely ( Table 4 in the Supplementary Appendix). The reduction in the primary end point with olmesartan remained after adjustment for differences in blood-pressure levels ( Fig. 2 ). To identify other factors influencing the response to olmesartan treatment, an exploratory post hoc subgroup analysis was performed for several known risk factors, with dichotomization at the median for each candidate predictor variable. Baseline characteristics associated with a favorable response to olmesartan therapy included systolic blood pressure higher than 135 mm Hg, a glycated hemoglobin level of 7.3% or less, an estimated GFR of 83.79 ml per minute per 1.73 m 2 of body-surface area or less, and a urinary albuminto-creatinine ratio of more than 4 (Fig. 2) .
Secondary End Points
Renal Function
The mean estimated GFR declined from 85.0±17.0 ml per minute per 1.73 m 2 at baseline to 80.1±18.5 ml per minute per 1.73 m 2 at the last assessment 
Cardiovascular End Points
The proportion of patients who reached the composite end point of cardiovascular complications or death from cardiovascular causes was similar in the two groups -96 of 2232 patients (4.3%) in the olmesartan group and 94 of 2215 patients (4.2%) in the placebo group ( Table 2 ). The rate of death from any cause was also very low -1.2% (26 deaths) among patients taking olmesartan and 0.7% (15) among patients taking placebo (P = 0.10); in no case did the investigator report that the death was related to the study medication. The number of deaths from cardiovascular causes was higher in the olmesartan group than in the placebo group (15 vs. 3, P = 0.01) ( Table 2) , owing primarily to more cases of fatal myocardial infarction (5 vs. 0) and sudden cardiac deaths (7 vs. 1) in the olmesartan group. The majority of deaths from cardiovascular causes (12 of 18) occurred in the subgroup of 1104 patients who had preexisting coronary heart disease. A post hoc analysis revealed an interaction between study group and preexisting coronary heart disease; among patients with preexisting coronary heart disease, there were 11 deaths from cardiovascular causes in the olmesartan group as compared with 1 in the placebo group (6.9 vs. 0.7 events per 1000 person-years, P = 0.02) ( Table 5 in the Supplementary Appendix). A further exploratory analysis showed additional interactions: among pa- tients with preexisting coronary heart disease, those in the lowest quartile of systolic blood pressure and those in the highest quartile of reduction in systolic blood pressure during the doubleblind treatment period had the highest rates of death from cardiovascular causes (Fig. 3 in the Supplementary Appendix). No interactions with diastolic blood pressure were detected. The rate of nonfatal cardiac events was reduced with olmesartan as compared with placebo among patients without preexisting coronary heart disease but not among those with preexisting coronary heart disease ( Table 5 in the Supplementary Appendix).
Adverse Events
The number of participants in whom adverse events occurred during the treatment period was similar in the two groups (Table 3) . Serious adverse events were reported in 335 patients (15.0%) in the olmesartan group and 337 (15.2%) in the placebo group. Drug-related adverse events occurred in 255 patients (11.4%) receiving olmesartan and 166 (7.5%) receiving placebo (P<0.001). This difference was due in part to a higher rate in the olmesartan group than in the placebo group of hypotension (58 patients vs. 6, P<0.001) and dizziness (103 vs. 61, P = 0.001). More patients in the olmesartan group than in the placebo group were withdrawn from the study because of symptomatic hypotensive episodes (10 patients vs. 1).
Discussion
There is convincing epidemiologic evidence that in patients with diabetes who also have microalbuminuria, renal impairment and cardiovascular events occur earlier than they do in patients with diabetes who do not have microalbuminuria. [14] [15] [16] In this study, ARB-based therapy in patients with type 2 diabetes increased the time to the onset of microalbuminuria by 23%. The baseline characteristics of patients who were most likely to benefit from ARB therapy included a higher systolic blood pressure (≥135 mm Hg) before treatment, 
Figure 1. Occurrence of Microalbuminuria during the 48-Month Follow-up Period in the Two Study Groups.
The restricted full analysis set was used for this analysis. This set comprises all patients from the full analysis set (i.e., patients in the intention-to-treat population) with the exception of patients who had confirmed microalbuminuria at baseline (visit 1) and patients without any follow-up measurements of microalbuminuria that could be evaluated. 10 in which ACE inhibition with trandolapril was associated with a 53% decrease in the rate of microalbuminuria in patients with hypertension and type 2 diabetes. The greater treatment effect in BENEDICT is probably due to higher baseline and follow-up blood pressures; a post hoc analysis showed that the benefit occurred in patients with a systolic blood pressure higher than 139 mm Hg during follow-up. 17 The mean baseline blood pressure in the ROADMAP study was 136/81 mm Hg, and the target blood pressure (<130/80 mm Hg) was achieved by month 48 in nearly 80% of the patients taking olmesartan and 71% of those taking placebo. In both groups, antihypertensive drugs other than blockers of the renin-angiotensin system were added as needed. In contrast, only 14% of the subjects 
Figure 2. Event Rate of the Primary End Point in the Two Study Groups, According to Subgroups.
The restricted full analysis set was used for this analysis. This set comprises all patients from the full analysis set (i.e., patients in the intention-to-treat population) with the exception of patients who had confirmed microalbuminuria at baseline (visit 1) and patients without any follow-up measurements of microalbuminuria that could be evaluated. All the results are based on adjudicated end points. The primary efficacy end point (the time to the onset of microalbuminuria) was analyzed with the use of a Cox proportional-hazards regression model, with study treatment as the fixed effect and the log 10 -transformed baseline urinary albumin-to-creatinine ratio (with albumin measured in milligrams and creatinine measured in grams) as the covariate. Owing to a prespecified interim analysis performed by the data and safety monitoring board, the significance level for the final confirmatory analysis was adjusted to 0.049, resulting in a twosided 95.1% confidence interval. For all other analyses, two-sided 95% confidence intervals are shown. The sensitivity analyses were performed by extending the main model by an additional covariate. The exploratory subgroup analyses were performed with the use of the main model, with the exception of the subgroup analysis of urinary albumin-to-creatinine ratio. In this last analysis, the Cox proportionalhazards regression model with study treatment as the fixed effect was used. in BENEDICT reached this level of blood-pressure control. 17 The results of the current study also differ somewhat from those of the Renin-Angiotensin System Study (RASS; ClinicalTrials.gov number, NCT00143949) 12 and the Diabetic Retinopathy Candesartan Trials (DIRECT; Clinical Trials.gov numbers, NCT00252733, NCT00252720, and NCT00252694), 11 which did not show a protective effect of ARBs or ACE inhibitors against the development of microalbuminuria in patients with type 1 diabetes and in patients with type 2 diabetes, respectively, despite a substantial reduction in blood pressure. In both of these studies, the baseline systolic blood pressure was quite low -133 mm Hg in DIRECT-Renal and 120 mm Hg in RASS. 11 Other studies, such as the Heart Outcomes and Prevention Evaluation (HOPE), 18 the Telmisartan Randomised Assessment Study in ACE Intolerant Subjects with Cardiovascular Disease (TRANSCEND; NCT00153101), 19 and the Action in Diabetes and Vascular Disease: Preterax and Diamicron-MR Controlled Evaluation study (ADVANCE; NCT00145925), 20 had previously reported a positive relation between baseline systolic blood pressure and microalbuminuria. Thus, overall, it appears that the higher the baseline blood pressure, the greater the potential benefit of an inhibitor of the renin-angiotensin system. 10, 11, [18] [19] [20] The greater tendency for patients with a lower estimated GFR (<83.8 ml per minute per 1.73 m 2 ) or a urinary albumin-to-creatinine ratio at the high end of the normal range (>4) to have a great er benefit with olmesartan is also of potential interest. This trend was also seen in TRANSCEND 19 and may help to identify patients with type 2 diabetes and no microalbuminuria who might be potential candidates for ARB therapy.
The New England
Changes in the GFR were minimal over the course of the study; olmesartan was associated with a slight but significant reduction in the estimated GFR (about 4 ml per minute per 1.73 m 2 ), whereas an even smaller decrease in the estimated GFR was noted in patients treated with agents that do not block the renin-angiotensin system. It is reassuring that the rate of renal events (defined as a doubling of the serum creatinine level or the need for dialysis) was low and was identical in the olmesartan and placebo groups. There was no washout period at the end of the study, so we can only speculate about whether the drop in the estimated GFR and the lower rate of microalbuminuria in the olme sartan group represent a favorable hemodynamic (functional) response to lower glomerular pressure or an adverse underlying structural change. Recent studies suggest that a low estimated GFR and microalbuminuria are independent prognostic markers. 14, 15, 21 In a meta-analysis, 21 an estimated GFR below 60 ml per minute per 1.73 m 2 was predictive of death from any cause and of death from cardiovascular causes, but as in the present trial, there was no relationship to the risk of cardiovascular disease when the estimated GFR was 75 to 104 ml per minute per 1.73 m 2 . This supports the notion that in patients with diabetes, the observed change in the rate of microalbuminuria might in the longterm be of greater importance than the small fall in the estimated GFR. The rates of cardiovascular and cerebrovascular events in the present study were low (about 4%, or 2.9 cases per 1000 person-years); they were similar to those in BENEDICT but lower than those in DIRECT-2 (8.0 cases per 1000 person years) 10, 11 and substantially lower than those in studies involving patients with more advanced renal disease, such as the Reduction of Endpoints in NIDDM with the Angiotensin II Antagonist Losartan (RENAAL) study and the Irbesartan Diabetes Nephropathy Trial (IDNT), in which the rates were higher by a factor of approximately 20, or 60 cases per 1000 person-years. 8, 9 Despite the low rates of cardiovascular events, there were more deaths from cardiovascular causes in the olmesartan group than in the placebo group (15 vs. 3, P = 0.01). Owing to the very small number of affected patients, it is difficult to interpret this unexpected finding, and it may simply be related to chance. Nevertheless, because of its potential significance, several exploratory analyses were performed. Fatal cardiovascular events were more common in the olmesartan group than in the placebo group among patients with known preexisting coronary heart disease (11 events vs. 1 with placebo, P = 0.03), but the rates were similar in the two groups among patients without preexisting coronary disease. There was also a trend toward more fatal events in patients with preexisting coronary heart disease who were either in the lowest quartile of blood pressure or in the highest quartile of blood-pressure reduction during follow-up. Therefore, excessive reduction of blood pressure in some high-risk patients may confer a predisposition to an increased risk of death, a finding that is consistent with the well-known, somewhat controversial "J-curve effect"; however, a direct effect of olmesartan cannot be ruled out.
In the Olmesartan Reducing Incidence of End Stage Renal Disease in Diabetic Nephropathy Trial (ORIENT; NCT00141453), which involved * P values were calculated with the use of a chi-square test. † An event was considered to be drug-related if, according to the investigator's judgment, the event was definitely, probably, or possibly related to the treatment or if information on the relationship of the event to the study treatment was missing. ‡ Events included in this category are those that occurred in at least 3% of the patients in either study group; adverse events that were part of the primary or secondary efficacy end points are not shown.
The patients with diabetic nephropathy, the addition of olmesartan to preexisting antihypertensive treatment was associated with a higher rate of death from cardiovascular causes (10 cases vs. 3 cases; www.fda.gov/Drugs/DrugSafety/Postmarket DrugSafetyInformationforPatientsandProviders/ ucm215222.htm). Because of these findings in ROADMAP and ORIENT, the Food and Drug Administration is currently reviewing existing data. Nevertheless, the rate of nonfatal cardiovascular events was not increased with olmesartan among patients without preexisting coronary heart disease. The results of the current study must also be viewed in the context of the many other studies of renal and cardiovascular outcomes that have shown that ARBs have a beneficial effect on cardiovascular disease. 22, 23 In the Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial (ONTARGET; NCT00153101) 24 and the International Verapamil SR Trandolapril Study (INVEST; NCT00133692), 25 an increase in the rate of death from cardiovascular causes was observed among patients with known coronary heart disease if the systolic blood pressure was below 120 mm Hg during the time the patient was receiving therapy with ACE inhibitors or ARBs (in ONTARGET) or calcium-channel blockers or beta-blockers (in INVEST); thus, any adverse effect appears to be related more closely to the achieved blood pressure than the class of drug that was used. The concern about potential overtreatment is reflected in the guidelines published by the European Society of Hypertension, which state that physicians should avoid lowering blood pressure excessively (i.e., to values below 120/70 mm Hg) in persons with underlying cardiovascular disease. 26 Our study has certain limitations. First, it is not possible to draw definite conclusions from a short-term prevention study about the way in which changes in microalbuminuria may affect the rates of renal and cardiovascular event rates in the long term. During the study itself, the follow-up period was too short. Second, the rate of premature withdrawals in both study groups was high (about 23% in both groups); however, it seems unlikely that withdrawals affected the overall findings of the study, since an exploratory analysis excluding these patients did not affect the primary end point. Third, although the differences in blood pressure between the treatment groups may have contributed to the primary outcome, and the benefit was greater in patients with higher baseline blood pressure, adjustment of the analysis for differences in blood pressure during the study did not eliminate the improvement in the primary end point that was seen with olmesartan.
In summary, this trial suggests that olmesartan increases the time to the onset of microalbuminuria in patients with type 2 diabetes, even when blood-pressure control is excellent according to current recommendations.
